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(57) ABSTRACT 

A compact-sized fingerprint imaging device includes an 
optical plate for creating a fingerprint pattern at a finger field 
on the optical plate. The fingerprint pattern is illuminated 
with light from an illuminating tool to create imaging light 
rays. A Small thickness of the optical plate, and hence of the 
fingerprint imaging device, is possible due to a design that 
includes an array of microreflectors covering a part of the 
optical plate, the microreflectors being distributed along a 
base Surface. The imaging light rays from the fingerprint 
pattern that are reflected by the array of microreflectors are 
received by an imaging lens that projects an image of the 
fingerprint pattern to an image Sensor. 
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FINGERPRINT MAGING DEVICE 
INCLUDING AN OPTICAL PLATE HAVING 

MICROREFLECTORS 

TECHNICAL FIELD 

This invention relates to fingerprint imaging devices for 
fingerprint matching Systems. 

BACKGROUND 

Up-to-date fingerprint matching Systems using fingerprint 
image transfer into electronic data usually apply the known 
contact method to create a fingerprint pattern. A Surface 
topography of a finger is approximated by a Series of ridges 
with intermediate Valleys. When a finger is applied to a 
Smooth Surface of a transparent optical plate or prism, the 
ridges contact the optical plate while the Valleys do not and 
instead Serve to form the boundaries of regions of air and/or 
moisture. 

The finger to be imaged is illuminated by a light Source 
located below or near to the optical plate. Imaging light from 
the light Source is incident on the Smooth Surface at an angle 
of incidence measured with respect to a normal to the 
Smooth Surface. Imaging light reflected from the Smooth 
Surface is detected by an imaging System that usually 
includes Some form of a detector. 

Components of a typical fingerprint imaging System are 
oriented So that an angle of observation (defined to be an 
angle between an optical axis of the imaging System and the 
normal to the Smooth Surface) is greater than a critical angle 
for the interface between the Smooth Surface and the air at 
the Smooth Surface. The critical angle at the Surface/air 
interface is defined as the Smallest angle of incidence for 
which imaging light Striking the Surface/air interface is 
totally internally reflected within the surface. Therefore, the 
critical angle at the Surface/air interface depends on the 
index of refraction of the air and optical plate. Another 
constraint for the angle of observation arises because there 
is incentive to observe the image at the Smallest practical 
angle of observation, as this reduces distortion due to object 
tilting. Therefore, the angle of observation is typically 
chosen to be close to, but greater than the critical angle at the 
Surface/air interface. 
At locations where the ridges of the finger contact the 

Smooth Surface, total internal reflection does not occur 
because the index of refraction of a finger is larger than that 
of air. In this case, imaging light incident on the Surface of 
the optical plate at a location where the ridge of the finger 
contacts the Surface is refracted through the Surface/finger 
interface and then partially absorbed and partially diffused 
upon contact with the finger. In this case, only a Small 
fraction of incident imaging light is reflected back to a 
detector of the imaging System. 

The imaging System may be implemented to produce 
bright components at Valley locations, thus producing a dark 
or positive fingerprint pattern. In this case, the imaging 
System detects the imaging light reflected from the Surface/ 
air interface. Alternatively, the imaging System may be 
implemented to produce bright components at ridge loca 
tions, thus producing a bright or positive fingerprint pattern. 
In this case, the imaging System detects a Small percentage 
of the imaging light that is diffused upon contact with the 
finger. 

Fingerprint imaging Systems, in versions that produce 
positive and negative fingerprint patterns, are, for instance, 
described in U.S. Pat. No. 4,924,085 to Kato et al., U.S. Pat. 
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2 
No. 5,596,454 to Hebert, and U.S. Pat. No. 5,796,858 to 
Zhou, et al. The Size of the fingerprint imaging Systems 
described in these patents considerably exceeds a size of the 
finger receiving Surface. Furthermore, the fingerprint imag 
ing Systems described in these patents are relatively thick, 
thus making it difficult to use these devices in a compact 
device. 

SUMMARY 

A simply constructed compact-sized fingerprint imaging 
device is provided that includes an optical plate, one or more 
illuminating tools, and an imaging lens. The optical plate 
includes a finger field to which a finger is pressed to create 
the fingerprint pattern. The optical plate also includes an 
array of microreflectors covering part of the optical plate, the 
microreflectors being distributed along a base Surface. 
The one or more illuminating tools illuminate the finger 

field to create imaging light rays relating to the fingerprint 
pattern. The imaging lens receives the imaging light rays 
reflected from the array of microreflectors to create the 
fingerprint pattern image at a location external to the optical 
plate. The imaging lens includes an aperture Stop that defines 
an aperture light beam of reflected imaging light rays 
forming the image of the fingerprint pattern. 
The microreflectors are inclined to the base Surface So that 

an area of a projection of the microreflectors on the base 
Surface taken along a path of the imaging light rays reflected 
at the Surface of the microreflectors and passing through the 
aperture Stop exceeds an area of a projection of the microre 
flectors on the base Surface taken along a path of the imaging 
light rays incident to the Surface of the microreflectors and 
passing through the aperture Stop. 
The microreflectors may be inclined to the base Surface, 

So that there are gaps between projections of the microre 
flectors on the base Surface along the incident imaging light 
rays. Those light rays from the fingerprint pattern that Strike 
the gaps are not involved in forming the image. In contrast, 
projections of the microreflectors on the base Surface taken 
along imaging light rays reflected from the microreflectors 
may cover a greater area of the base Surface, or may cover 
a complete area of the base Surface. This causes the reflected 
beam of imaging light to be discontinuously contracted 
compared with the incident imaging light beam, and, accord 
ingly, permits a design of an optical plate that has a reduced 
thickness. 
The microreflector Slopes relative to the base Surface may 

vary with a position of the microreflector at the base Surface 
So as to enhance characteristics of the image. 
The illuminating tools may be adjusted to illuminate the 

finger field from directions transverse to the imaging light 
rays by light passing into the optical plate through its 
opposite Surfaces lateral with respect to the finger field. The 
illuminating tools may be mounted Such that they do not 
protrude beyond the boundaries of the optical plate in height 
and Such that the total thickness of the device is determined 
by a thickness of the optical plate. 
A thickness of the optical plate of less than about 3 mm 

may be achieved when the base Surface is inclined to the 
finger field by an angle ranging from about 20 to about 30 
degrees. 
The microreflectors may include slopes of V-shaped 

grooves extended transversely to the imaging light rays and 
facing the imaging lens. The microreflectors may be distrib 
uted over the base Surface with a regular spacing. 
A minimum value of the microreflector Spacing may 

provide a greater optical path length difference between rays 
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of the aperture light beam reflected by the different microre 
flectors than a coherence interval of light, which is radiated 
by conventional illuminating tools Such as light-emitting 
diodes. 

Resolution of the fingerprint imaging device depends on 
the number of microreflectors involved in reflection of an 
aperture light beam of imaging rays forming an image of a 
point of the fingerprint pattern. If the Spacing or period of the 
microreflectorS is changed with the dimension of the aper 
ture light beam on the base Surface Such that the number of 
microreflectorS is kept constant, then the resolution remains 
Substantially constant. Therefore, to provide uniform reso 
lution acroSS the fingerprint image, the number of microre 
flectors may be changed proportionally to the microreflector 
distance from the finger field along the imaging light rayS. 
An improved resolution is provided when the aperture light 
beam croSS Section covers two microreflectors indepen 
dently of the microreflector position on the base Surface. 

Moderate geometrical distortion in the fingerprint imag 
ing device may be corrected by forming the grooves along 
concentric circles So as to provide a conical shape of the 
microreflectors convex or concave to the imaging lens. 

Aspects of the techniques and Systems can include one or 
more of the following advantages. The optical plate and 
corresponding fingerprint imaging device may be reduced in 
Size because an array of microreflectorS is used in the device 
to capture the imaging light rays from the fingerprint pattern. 
For example, the fingerprint imaging device, because of its 
compact size, may be used in portable and/or compact 
electronic devices, Such as, for example, computer note 
books, personal digital assistants, and cellular or land-based 
telephones. Moreover, because the components of the fin 
gerprint imaging device are relatively inexpensive to pro 
duce and assemble, the fingerprint imaging device is inex 
pensive to make. 

The details of one or more embodiments are set forth in 
the accompanying drawings and the description below. 
Other features, objects, and advantages will be apparent 
from the description and drawings, and from the claims. 

DESCRIPTION OF DRAWINGS 

FIG. 1 shows a fingerprint imaging device known in the 
art. 

FIG. 2 shows schematically a side sectional view of the 
fingerprint imaging device according to the present inven 
tion. 

FIG. 3 is a top view of the fingerprint imaging device 
taken along the line 3-3 of FIG. 2. 

FIG. 4 is a Side Sectional view of a Scaled-up fragment of 
an array of microreflectors in the device shown in the FIG. 
2. 

FIG. 5 is a view of a region of the array of microreflectors 
taken along the line 5-5 of FIG. 4. 

FIG. 6 is a Side Sectional view of a Scaled-up fragment of 
the array of microreflectors in the device shown in FIG. 2. 

FIG. 7 shows a fingerprint imaging device implemented 
in an electronic apparatus. 

FIGS. 8A and 8B show a fingerprint imaging device 
implemented in an electronic apparatus according to the 
present invention. 

FIG. 9 is a top view of an electronic apparatus that 
includes an indicator Surface. 

FIGS. 10 and 11 are cross-sectional views of the elec 
tronic apparatus of FIG. 9. 
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4 
FIGS. 12-17 are side and top views of the fingerprint 

imaging device of FIG. 2, in which perspective distortions 
are reduced. 

Like reference Symbols in the various drawings indicate 
like elements. 

DETAILED DESCRIPTION 

In the past, there has not been a need for compact 
fingerprint imaging devices because fingerprint imaging 
devices were traditionally used in the fingerprint matching 
Systems used in the field of criminology. However, because 
there are advantages to using the fingerprint as an identifier, 
which cannot be forgotten or lost, the field of application for 
fingerprint imaging devices is constantly expanding. For 
example, a fingerprint may be used as an access key to 
resources of different portable personal electronic apparatus. 
Thus, it becomes beneficial to miniaturize the fingerprint 
imaging device for use with Such portable apparatus. 
A fingerprint imaging device with a compact configura 

tion may be implemented in a mass-produced apparatus, 
Such as the portable electronic apparatus. Examples of 
portable electronic apparatus include cellular telephones, 
personal computerS Such as notebooks, and personal digital 
assistants. For economic reasons, it is important that a 
fingerprint imaging device may be built into the portable 
electronic apparatus with Substantially no changes in the 
design of those apparatus. This requirement may be met by 
a flat configuration of the fingerprint imaging device. 

Referring to FIG. 1, a fingerprint imaging device 100 
includes a transparent optical body 102 having a finger 
contact surface 104 to which a finger 106 is pressed to 
produce a fingerprint pattern formed by regions of contact of 
finger skin ridges with the finger contact Surface 104 of the 
optical body 102. An illuminating tool 108 illuminates the 
finger contact Surface 104 to reveal a fingerprint pattern with 
imaging light rays traveling from the finger contact Surface 
104 at total internal reflection angles of the optical body 102. 
The fingerprint imaging device 100 includes a mirror 110 

placed on a lateral surface of the optical body 102. Flat 
configuration of the optic System is possible because imag 
ing light rays are forwarded from the finger contact Surface 
104 of the optical body 102 to an imaging lens 112 using the 
mirror 110. The imaging lens 112 creates an image of the 
fingerprint at an image Sensing device 114. 

Dimensions of the mirror 110, and hence the thickness of 
the optical body 102 in a direction perpendicular to the 
finger contact surface 104, may not be arbitrarily reduced 
because of the requirement to reflect imaging light rays from 
all points of the fingerprint pattern at the finger contact 
surface 104. Therefore, the dimensions of the fingerprint 
pattern fragment to be imaged must be Sufficient for reliable 
identification of the perSon. In other words, the finger 
contact Surface 104 must have dimensions Sufficient for a 
minimum required number of ridge comparisons. It is con 
ventionally held that the fingerprint dimensions should not 
be less than about 16 millimeters (mm) in both dimensions. 

Thus, the thickness of the fingerprint imaging device 100 
could not be made less than a cross-section dimension of a 
beam of the imaging light rays traveling from the fingerprint 
pattern. 

Referring to FIG. 2, a compact fingerprint imaging device 
200 includes an optical plate 202, an imaging lens 204, a 
mirror 206, an image sensor 208, and one or more illumi 
nating tools (not shown in FIG. 2). For further reference, 
directions X and Y of the Orthogonal coordinate System are 
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shown by arrows. A third direction Z of this orthogonal 
coordinate System is perpendicular to the drawing plane of 
FIG. 2. 
The optical plate 202 is made of, for example, acrylic 

plastic. The optical plate 202 includes a finger field 210 
located on its top. The finger to be identified is applied to the 
finger field 210. The finger field 210 has an optically smooth 
Surface to provide good contact with the finger Skin ridges. 
Finger field regions that interface between the optical plate 
202 and finger skin ridges form the fingerprint pattern. The 
finger field 210 has dimensions sufficient for reliable iden 
tification of the fingerprint pattern. In other words, the finger 
field 210 has dimensions Sufficient to include the minimum 
required number of ridge comparisons, which may range 
anywhere from about 8 to about 16 comparisons. The 
surface of the finger field 210 is about 18 mm in length and 
about 18 mm in width. 
The mirror 206 may be any mirror coated to reflect light 

of a wavelength produced by the one or more illuminating 
tools. The image sensor 208 may be a single crystal CMOS 
image Sensor, produced by Motorola Co., Inc. Or, the image 
Sensor may be a conventional array CCD. 

The optical plate 202 also includes a bottom surface 212 
parallel to the finger field 210, and an array of microreflec 
tors 214 distributed along a base surface 216 inclined to the 
finger field 210. 

In FIG. 2, the finger field 210 and the base surface 216 are 
planar in Shape. Other shapes are possible for either or both 
of these Surfaces, Such as, for example, cylindrical shapes, to 
enhance various characteristics of the fingerprint image. 

The base surface 216 is inclined to the finger field 210 at 
an angle 218, as shown in FIG. 2. The preferred value of 
angle 218 ranges from about 20 to about 30 degrees. 

If either or both of the surfaces 210, 216 are non-planar, 
then a corresponding inclination between them may be 
defined by a difference of distances to the finger field 210 
from the edges of the base surface 216 that are farthest and 
nearest to the finger field 210. This difference may range 
from about 30 to about 50 percent of the distance between 
these edges. 

The microreflectors 214 are formed of V-shaped grooves, 
with the open Side of the grooves facing the imaging lens 
204. The profile of the grooves is shown in FIG. 2 scaled-up 
relative other parts of the device for better illustration. The 
grooves extend along the Z-direction. The Surface of the 
microreflectorS 214 typically has a reflecting coating, which, 
for example, may be a deposited layer of aluminum. The 
reflecting coating may be any reflecting coating used in 
traditional fingerprint imaging devices. 

The imaging lens 204 has an aperture stop 220 that is 
positioned external to the optical plate 202 and behind its 
lateral Surface 222. The aperture Stop 220 defines an aperture 
light beam of imaging light rays forming the image of a 
fingerprint pattern point. 

The imaging lens 204 creates the image of the fingerprint 
pattern of the imaging light rays reflected from the array of 
microreflectorS 214. The directions of propagation of imag 
ing light rays in the fingerprint imaging device are shown at 
FIG. 2 by lines 224. The mirror 206 serves to reflect imaging 
light rays passed through the imaging lens 204 to the image 
sensor 208, so that the image sensor 208 is positioned in the 
plane of the optical plate 202 and does not increase the 
overall height of the fingerprint imaging device 200 in the 
X-direction. 

Referring also to FIG. 3, the fingerprint imaging device 
200 includes illuminating tools 300 that are arranged and 
operated to illuminate the finger field 210. The illuminating 
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6 
tools 300 may be radiation sources that illuminate the finger 
field 210 from two opposite directions through lateral Sur 
faces 302 of the optical plate 202. The illuminating tools 300 
are represented by conventional light-emitting diodes irra 
diating in the red Spectral region, with a radiation spectral 
width of approximately 50 nm. 
The illuminating tools 300 emit radiation evenly. How 

ever, inside the optical plate 202, a refracted light beam from 
each radiation source 300 propagates within the limits of an 
asSociated restricted Solid angle of about 80 degrees in 
cross-section. Light from the illuminating tools 300 that is 
totally internally reflected inside the optical plate 202 is not 
involved in the fingerprint pattern imaging. 

Dimensions of the fingerprint imaging device 200 in the 
Z-Y plane are close to the limit imposed by the requirements 
of the minimum dimensions of the finger field 210. 
When a finger is applied to the finger field 210, in the 

regions of its Surface having the boundaries with ridges, the 
total internal reflection conditions are not met for light from 
the illuminating tools 300. Imaging light rays penetrate 
through the surface of the finger field 210 and illuminate the 
finger skin on its ridges in these regions. Imaging light rays 
Scattered from ridges pass back in the optical plate 202 in 
accordance with the refraction law at angles to the normal of 
the Surface not exceeding the critical total internal reflection 
angle at the interface with the ridges. These imaging light 
rays create a negative fingerprint pattern formed by the 
bright regions corresponding to the ridges of the finger skin 
because the Valleys of the finger skin produce a dark 
background. 
The illuminating tools 300 are mounted along the lateral 

surfaces 302 of the optical plate 202 as shown in FIG.3. The 
illuminating tools 300 are positioned so as not to protrude 
beyond a height of the optical plate along the X direction. 
Thus, the height of the fingerprint imaging device 200 in the 
X direction is determined by the thickness of the optical 
plate 202. 

Referring also to FIGS. 4 and 5, details relating to the 
array of the microreflectors 214 and the characteristics of the 
imaging light rays will now be described. 
The lines 400 and 402 represent the incident imaging light 

rays coming from the fingerprint pattern and impinging on 
the adjacent microreflectorS 214. Imaging light rayS 404, 
406, corresponding to the incident rays 400, 402, respec 
tively, are reflected from the microreflectors 214. The 
reflected imaging light rays 404, 406 pass through the center 
of the aperture stop 220 to form the aperture light beam. 
As shown in FIG. 4, the Surface of the microreflectors 

214, which reflect imaging light rays, are those portions of 
the Surfaces of the groove slopes for which incident imaging 
light rays are reflected and reach the aperture stop 220. The 
incident rays from the fingerprint pattern on portions 408 of 
the slopes are not reflected into the imaging lens 204 but are 
instead blocked by Surfaces 410. Dotted lines 412 parallel to 
the reflected light rays 404, 406 define this boundary 
between the portions 408 and the corresponding microre 
flectors 214. 
The microreflectors 214 are distributed with a spacing 414 

along the base Surface designated by line 216. In the 
implementation shown in FIG. 4, a width of the groove is 
equal to the spacing 414 of the microreflectors 214. In 
another implementation, the grooves may be spaced apart 
resulting, in this case, in the microreflector Spacing exceed 
ing the groove width. 

For economical reasons, device materials. Such as acrylic 
plastics or polystyrene are used for the optical plate 202. In 
this case, the grooves on the Surface of a die used to 



US 6,956,608 B1 
7 

manufacture the optical plate 202 may be formed using a 
fabrication proceSS Similar to that employed in making 
diffraction gratings, which would provide the required opti 
cal quality of the surfaces of the microreflectors 214. 

The microreflectors 214 Subtend an angle 416 with the 
base Surface 216. The base Surface 216 is inclined to a 
Surface, which is parallel to the finger field 210, at the angle 
218. 

Reflection from mirror 110 as in the fingerprint imaging 
device 100 shown in FIG. 1 does not change an area of the 
fingerprint image captured by the image Sensor 114. Thus, 
all of the imaging light rays incident on the mirror 110 are 
used to reproduce the fingerprint image at the image Sensor 
114. In contrast, the microreflectors 214 used in the finger 
print imaging device 200 serve to contract, in a discontinu 
ous manner, the aperture light beam, that is, change the area 
of the fingerprint image captured by image Sensor 208 
because many of the light rays incident to the base Surface 
216 are excluded from the fingerprint image reproduction at 
the image Sensor 208. Thus, the croSS Section of imaging 
light rays incident to the microreflectors 214 and at the 
Surface of the microreflectorS 214 is discontinuously larger 
than the croSS Section of the light rays reflected from the 
microreflectors 214 and at the Surface of the microreflectors 
214. 

FIG. 4 illustrates this aperture light beam contraction by 
showing the relationship between the Spacing of the incident 
light rays 400 and 402, marked by reference number 418, 
and the spacing of the reflected light rays 404, 406, marked 
by reference number 420. In general, imaging light rays that 
reach the aperture Stop 220 are converging. However, for the 
purpose of illustration, imaging light rays 400-406 appear 
parallel. Those incident rays that fall within the spaces 408, 
410 of the microreflectors 214 are excluded from the for 
mation of the fingerprint image captured by image Sensor 
208. The spaces 408, 410 are shown as hatched areas in FIG. 
5. 

Referring also to FIG. 6, the aperture light beam contrac 
tion, or exclusion of light rays from the fingerprint image 
capture by image sensor 208, may be illustrated by incident 
imaging light ray 600 and reflected imaging light ray 602. 
An angle 0, 604 between the incident imaging light ray 600 
and a normal 606 to the base surface 216 is less than an angle 
0, 608 between the reflected imaging light ray 602 and the 
normal 606 to the base surface 216. In the prior fingerprint 
imaging device 100 these angles may be measured with 
respect to the mirror 110-in that case, the angles are equal 
because the mirror 110 is flat. Thus, all of the incident 
imaging light rays become reflected imaging light rays in the 
fingerprint imaging device 100. 

The relationship between the light rays incident to the 
microreflectors 214 and reflected from the microreflectors 
214 may be expressed with respect to projections, as shown 
in FIG. 6. The projection of a microreflector 214 onto the 
base Surface 216 taken along the direction of the imaging 
light ray 600 incident to the microreflector 214 is shown by 
the length 610. The projection of a microreflector 214 onto 
the base Surface 216 taken along the direction of the imaging 
light ray 602 reflected from the microreflector 214 is shown 
by the length 612. Thus, in general, a total area of the 
projection of the microreflectors onto the base Surface taken 
along the direction of imaging light rays reflected from the 
microreflector exceeds a total area of the projection of the 
microreflectors onto the base Surface taken along the direc 
tion of imaging light rays incident to the microreflectors. 

Therefore, the aperture light beam contraction due to the 
microreflectors of the fingerprint imaging device 200 of 
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8 
FIGS. 2-6 permits use of a thinner optical plate than that in 
a fingerprint imaging device with an ordinary continuous 
mirror, such as the fingerprint imaging device 100 of FIG.1. 
The aperture light beam contraction may be characterized 

by a ratio of the Spacing 414 to the length of the projection 
of the microreflector 214 onto the base surface 216, along 
the axis of the incident beam. 
AS mentioned above, the aperture light beam contraction 

may be characterized by a ratio of microreflector projection 
areas. The ratio is given by: A/A, where A is the total area 
of the microreflectors 214 projected on the base surface 216 
along the path of the reflected imaging light rays that pass 
through the center of the aperture Stop 220, and A is the area 
of the microreflectors 214 projected on the base surface 216 
along the incident imaging light rays that form reflected 
imaging light rays that pass through the center of the 
aperture Stop 220. Thus, A/A should be less than 1. 

In one embodiment, the base surface 216 is entirely 
covered by projections of the microreflectorS 214 along the 
path of the reflected imaging light rays. When this condition 
is met, the croSS Section of the reflected beam decreases with 
the angle 218 formed by the base surface 216 and the finger 
field 210. As the angle 218 in the beam of the incident light 
rays on the array of microreflectorS 214 decreases, the 
proportion of the imaging light rays that are reflected to the 
imaging lens 204 is reduced, and, accordingly, the brightness 
of the image is also reduced. 
With values of angle 218 ranging between about 20 to 

about 30 degrees, the Spacing 414 is approximately twice the 
width of the projection of the microreflector 214 to the base 
surface 202 along the path of the incident light rays. With 
these conditions, and if the surface of the finger field 210 is 
about 18 mm in length and about 18 mm in width, the optical 
plate 202 may be designed to be no more than 3 mm thick 
(as measured along the X-direction). 

In accordance with the method of producing the finger 
print pattern that may be observed within a range of angles 
for total internal reflection, the axis of the imaging light 
beam is inclined with respect to the finger field 210 on which 
the fingerprint pattern is found. The image of an object 
sloping towards the axis of the optical System is Subject to 
geometrical distortion. 
AS will be seen from comparison between the path lengths 

of the imaging light rayS 224 in FIG. 2, the optical System 
of the fingerprint imaging device 200 is designed to correct 
the perspective component of the geometrical distortion of 
the image. The perspective distortion caused by the greater 
path length of the imaging light rays traveling from that edge 
of the finger field 210 nearest to the imaging lens 204, as 
compared to the edge farthest from the imaging lens 204, is 
relatively Small, provided the angles formed by the finger 
field 210 and the base surface 216 lie within the above range 
of about 20 to about 30 degrees. 
To correct image distortion of the fingerprint pattern Scale 

along the Y-direction, the angle 416 of inclination of the 
microreflectors 214 to the base surface 216 (and accordingly 
the angle 218) may be varied. The angle 416 of inclination 
of the microreflectors 214 to the base surface 216 may vary 
from microreflector to microreflector or it may vary with the 
position of the microreflector. 
The resolution of the fingerprint imaging device 200 in 

the Z direction is determined by the resolution of the 
imaging lens 204. The resolution of the fingerprint imaging 
device 200 in the Y direction is dependent on the relation 
ship between the spacing 414 of the microreflectors 214 and 
the cross-sectional dimensions of the aperture light beam at 
the base Surface 216. 
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FIG. 5 shows a portion of the base surface 216 as viewed 
from the aperture Stop 220 along the path of the aperture 
light beam. The microreflectorS 214 are Separated by Spaces 
not involved in the reflection of the imaging light rays, the 
Spaces being Schematically represented as hatched areas 
408, 410. These spaces include the surfaces 410 and the 
portions 408 of the groove slopes that are screened from the 
imaging lens 204. Line 500 marks the boundary of the 
aperture light beam on the Surfaces of the microreflectors 
214. 

If the spacing of the microreflectors 214 and the dimen 
Sions of the cross-section of the aperture light beam of the 
base Surface 216 are related in Such a way as is shown in 
FIG. 5, so that light rays of the aperture light beam are 
reflected by more than one microreflector 214, and the 
spacing 414 of the microreflectors 214 is sufficiently large 
for the parts of a Single aperture light ray reflected by 
different microreflectors 214 to be incoherent, these parts 
each form, independently, the image of a fingerprint pattern 
point. The diffraction limit of resolution of the optical device 
along the Y-direction is inversely proportional to the number 
of microreflectorS 214 reflecting the light rays of a single 
aperture light beam. The interference between parts of an 
aperture light beam reflected by different microreflectors 
214 leads to an additional degradation of the fingerprint 
imaging device resolution, So that an arrangement of 
microreflectors in an array with a relatively Small spacing 
414 is inexpedient. 

To obtain a high quality fingerprint image, the croSS 
Sectional dimension of the aperture light beam at the base 
surface 216, transversely to the microreflectors 214, should 
be approximately twice the spacing 414 of the microreflec 
torS 214. In this case, the Structure of the array of microre 
flectors 214 may not reveal itself in brightness modulation of 
the image, and degradation of the fingerprint imaging device 
resolution along the Y-direction, as compared to the resolu 
tion along the X-direction, is negligible. 

The croSS-Sectional dimensions of the aperture light beam 
at the base Surface 216 are proportional to the distance along 
its axis from the base surface 216 to the finger field 210. To 
provide a uniform resolution over the image field, the 
microreflectorS 214 may be arranged with a variable spacing 
414 along the base surface 216, which is proportional to the 
distance from them to the finger field 210 along the imaging 
light rayS. 

In this case, the spacing 414 of the microreflectors 214 is 
changed linearly ranging from about 0.05 mm near the finger 
field 210 to about 0.3 mm at the Surface 212. With Such 
variable spacing, the difference between the optical path 
lengths for the rays reflected by adjacent microreflectors 214 
is in excess of the coherence interval of the imaging light 
rays, which is determined by the spectral width of light 
radiated by the illuminating tools 300. With a spectral width 
of about 50 nm, which is characteristic of conventional light 
emitting diodes, the coherence interval is about 0.015 mm. 
Thus, the imaging light rays reflected by different microre 
flectors 214 are substantially incoherent. The coherence 
interval of light radiated from the illuminating tool 300 may 
be leSS than the optical path length difference between parts 
of the aperture light beam reflected from different microre 
flectors. 

Referring also to FIG. 7, a simply constructed compact 
fingerprint imaging device 700 may be implemented in an 
electronic apparatus 702 Such as pc cards and laptops in 
which an overall width is a design consideration. In prior 
designs, the fingerprint imaging device is placed below and 
within the housing of the electronic apparatus, as shown in 
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10 
FIG. 7. In this design, the overall width is indicated by 703. 
Because the fingerprint imaging device is below the hous 
ing, the housing of the electronic apparatus interferes with 
operation of the fingerprint imaging device. Additionally, the 
housing must be large enough to accommodate the finger 
print imaging device. One way to reduce the size of the 
electronic apparatus is to reduce the size (in particular, the 
thickness 704) of the device 700. However, this is not a 
practical Solution today because of the costs associated with 
a smaller device 700. Moreover, this still does not address 
the issue of interference between the device 700 and the 
housing of the apparatus 702. 
As shown in FIGS. 8A and 8B, to solve these problems, 

a fingerprint imaging device 800 may be accommodated 
within the housing surface. In the design of FIG. 8A, device 
800 includes a step 801 that permits the finger field 802 to 
lie flush with the outer surface of housing 804. In the design 
of FIG.8B, a fingerprint imaging device 806 includes a ridge 
(or tab) 808, which serves the same purpose as the step of 
FIG. 8A, and which fits into a recess 810 designed into the 
housing 812. The finger field 814 and housing 812 are flush. 

In both of these designs, as noted, the finger field lies flush 
with the housing. Moreover, because the fingerprint imaging 
device is partially accommodated in the housing Surface, an 
overall width 816 of the electronic apparatus is reduced 
relative to the electronic apparatus width. 

Referring also to FIGS. 9-11, a fingerprint imaging device 
may be implemented in an electronic apparatus 900 as an 
optical plate 902 formed into an indicator panel 904. The 
electronic apparatus 900 may be a portable device such as a 
cellphone, personal computer, or a remote control unit. The 
fingerprint imaging device is used to restrict access to Such 
device. 
The optical plate 902 functions as both a fingerprint platen 

and as a cover glass 903 for the indicator panel 904. The 
bottom surface of the optical plate 902 is transparent and 
does not impede observation of the underlying indicator 
panel 904. One or more illuminators 906 are positioned 
along a lateral Side of the optical plate to illuminate the 
finger908. Light dispersed from the ridges of the finger908 
and a portion of the light dispersed after reflection from a 
spherical mirror 910 is directed through an aperture 912 and 
lens 914, reflected from a mirror 916, and imaged onto an 
imager 918. 

If there is no finger present on the optical plate 902, then 
light from the illuminators 906 does not reach the imager 
918 because of the placement of the imager 918 relative to 
the placement of the illuminators 906. Additionally, light 
from external sources does not reach the imager 918 because 
the lens 914 receives light Spreading at angles greater than 
the critical internal reflection angle of the optical plate 902. 
An area of the surface of the cover glass 903 is approxi 

mately 16 mm x 16 mm. A thickness of the optical plate 902 
is approximately 4 mm at its thickest part and an area of the 
surface of the optical plate 902 is approximately 30 mmx36 
mm. In one implementation, the illuminators are red light 
diodes that emit light at a wavelength of approximately 0.66 
lum. The imager 918 may be a CMOS Motorola camera or 
a CCD. 

A number of implementations have been described. Nev 
ertheless, it will be understood that various modifications 
may be made without departing from the Spirit and Scope of 
the invention. For example, advantageous results still could 
be achieved if Steps of the disclosed techniques were per 
formed in a different order and/or if components in the 
disclosed Systems were combined in a different manner 
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and/or replaced or Supplemented by other components. 
Accordingly, other embodiments are within the Scope of the 
following claims. 

For example, in contrast to the arrangement of FIG. 3, the 
illuminating tools 300 in the fingerprint imaging device 200 
may be placed behind the surface 222 and on either or both 
Sides of the aperture Stop 220 to create a positive fingerprint 
pattern. In this case, the illuminating tools 300 may be 
extended radiation Sources having even brightness. 

Another possible embodiment of the fingerprint imaging 
device is that in which the base Surface is located parallel to 
the finger field. 

Referring also to FIGS. 12-17, image distortion of the 
fingerprint pattern Scale may occur along the Y-direction. 
This image distortion depends on an angle (p that defines the 
inclination of the base Surface 216 to the Y-direction. For 
illustration, in FIGS. 12-17, imaging light rays reflected 
from the finger contact surface 104 at points A and B are 
traced. Additionally, imaging light rays pass through a point 
0 of the aperture Stop 220. Aimage of the fingerprint image 
is represented by the Segment A'B', corresponding to the 
Segment AB. 
When the angle (p (as indicated by reference number 

1200 in FIG. 12) is such that image A'B' is parallel with the 
X-direction, then no image distortions emerge. In this case, 
the microreflectorS 214 are linear along the Z-direction, as 
shown in FIGS. 3 and 13. 
When the angle (p (as indicated by reference number 

1400 in FIG. 14) is such that the image A'B' is tilted in a 
manner Such that the Segment AO is less than the Segment 
B'O, then residual perspective distortions arise. To compen 
sate for these distortions, the microreflectors 214 are 
designed in a concave arrangement relative to the imaging 
lens, as shown in FIG. 15. 
When the angle (p (as indicated by reference number 

1600 in FIG. 16) is such that the image A'B' is tilted in a 
manner Such that the Segment AO is greater than the 
Segment B'O, then residual perspective distortions arise, but 
have an opposite direction to those of FIGS. 14 and 15). To 
compensate for these distortions, the microreflectorS 214 are 
designed in a convex arrangement relative to the imaging 
lens, as shown in FIG. 14. 
What is claimed is: 
1. A device for creating an image of a fingerprint pattern 

on an image Sensor, the device comprising: 
an optical plate including: 

a finger field to which a finger is pressed to create the 
fingerprint pattern, and 

an array of microreflectors covering part of the optical 
plate, the microreflectors being distributed along a 
base Surface; 

an illuminating tool that illuminates the finger field to 
create imaging light rays relating to the fingerprint 
pattern; and 

an imaging lens to receive the imaging light rays reflected 
from the array of microreflectors to create the finger 
print pattern image at a location external to the optical 
plate, the imaging lens including an aperture Stop that 
defines an aperture light beam of the reflected imaging 
light rays forming the image of the fingerprint pattern; 

in which the microreflectors are inclined to the base 
Surface So that an area of a projection of the microre 
flectors on the base Surface taken along a path of the 
imaging light rays reflected at the Surface of the 
microreflectors and passing through the aperture Stop 
exceeds an area of a projection of the microreflectors 
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on the base Surface taken along a path of the reflected 
imaging light rays incident to the Surface of the 
microreflectors. 

2. The device of claim 1 in which the projection area of 
the microreflectors to the base Surface, along the path of the 
reflected imaging light rays, covers uninterruptedly the base 
Surface. 

3. The device of claim 1 in which a slope of a microre 
flector, relative to the base Surface, varies with a position of 
the microreflector at the base Surface. 

4. The device of claim 1 in which a coherence interval of 
light radiated from the illuminating tool is less than the 
optical path length difference between reflected imaging 
light rays from different microreflectors. 

5. The device of claim 1 in which the illuminating tool 
illuminates the finger field from two opposite Sides. 

6. The device of claim 1 in which the base Surface is 
positioned Such that a difference of distances to the finger 
field from an edge of the base Surface farthest from the finger 
field and an edge of the base Surface nearest to the finger 
field ranges from about 30 to about 50 percent of the 
distance between the edges. 

7. The device of claim 1 in which an edge of the base 
Surface farthest from the finger field is nearest to the imaging 
lens. 

8. The device of claim 7 in which the microreflectors are 
formed of V-shaped grooves, the open ends of which face 
the imaging lens. 

9. The device of claim 8 in which the period of the 
microreflectorS is varied based on a croSS-Section of the 
aperture light beam Such that a resolution of the device 
remains substantially constant. 

10. The device of claim 9 in which the period of spacing 
ranges from about 1.5 to about 5. 

11. The device of claim 7 in which the V-shaped grooves 
are in a concave arrangement relative to the imaging lens. 

12. The device of claim 7 in which the V-shaped grooves 
are in a conveX arrangement relative to the imaging lens. 

13. The device of claim 7 in which the microreflectors are 
planar. 

14. The device of claim 1 in which the base Surface is 
inclined to the finger field by an angle that ranges from about 
20 to about 30 degrees. 

15. An electronic apparatus comprising: 
a device to create an image of a fingerprint pattern on an 

image Sensor, the device comprising: 
an optical plate including: 

a finger field to which a finger is pressed to create the 
fingerprint pattern, and 

an array of microreflectors covering part of the optical 
plate, the microreflectors being distributed along a 
base Surface; 

an illuminating tool that illuminates the finger field to 
create imaging light rays relating to the fingerprint 
pattern; 

an imaging lens to receive the imaging light rays reflected 
from the array of microreflectors to create the finger 
print pattern image at a location external to the optical 
plate, the imaging lens including an aperture Stop that 
defines an aperture light beam of the reflected imaging 
light rays forming the image of the fingerprint pattern; 

in which the microreflectors are inclined to the base 
Surface So that an area of a projection of the microre 
flectors on the base Surface taken along a path of the 
reflected imaging light rays and passing through the 
center of the aperture Stop exceeds an area of a pro 
jection of the microreflectors on the base Surface taken 
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along a path of the imaging light rays incident to the 
Surface of the microreflectors, and 

a housing shaped to hold electronic components for 
operation of the electronic apparatus and shaped to 
retain the device, the housing including an outer Sur 
face; 

in which the finger field lies flush with the outer surface 
of the housing when the device is retained by the 
housing. 

16. The apparatus of claim 15 in which the device 
includes a step that permits the housing to retain the device. 

17. The apparatus of claim 16 in which the housing 
includes a receSS and the device includes a tab that fits into 
the housing receSS to retain the device. 

18. A device for creating an image of a fingerprint pattern 
on an image Sensor, the device comprising: 

an optical plate including: 
a finger field to which a finger is pressed to create the 

fingerprint pattern, and 
an array of microreflectors covering part of the optical 

plate, the microreflectors being distributed along a 
base Surface; 

an illuminating tool that illuminates the finger field to 
create imaging light rays relating to the fingerprint 
pattern; and 

an imaging lens to receive the imaging light rays reflected 
from the array of microreflectors to create the finger 
print pattern image at a location external to the optical 
plate, the imaging lens including an aperture Stop that 
defines an aperture light beam of the reflected imaging 
light rays forming the image of the fingerprint pattern; 

in which the microreflectors are inclined to the base 
Surface So that an angle between the normal to the base 
Surface and an imaging light ray incident to a microre 
flector is less than an angle between the normal to the 
base Surface and that imaging light ray reflected from 
the microreflector. 

19. A device for creating an image of a fingerprint pattern 
on an image Sensor, the device comprising: 

an optical plate including: 
a finger field to which a finger is pressed to create the 

fingerprint pattern, and 
an array of microreflectors covering part of the optical 

plate, the microreflectors being distributed along a 
base Surface and being shaped like V-shaped 
grOOVeS, 

an illuminating tool that illuminates the finger field to 
create imaging light rays relating to the fingerprint 
pattern; and 

an imaging lens to receive the imaging light rays reflected 
from the array of microreflectors to create the finger 
print pattern image at a location external to the optical 
plate, the imaging lens including an aperture Stop that 
defines an aperture light beam of the reflected imaging 
light rays forming the image of the fingerprint pattern; 

wherein the Side of the grooves facing the imaging lens 
receives and reflects the imaging light rays that define 
the aperture light beam. 
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20. An electronic apparatus comprising: 
a device for creating an image of a fingerprint pattern on 

an image Sensor, the device comprising: 
an optical plate including: 

a finger field to which a finger is pressed to create the 
fingerprint pattern, and 

an array of microreflectors covering part of the optical 
plate, the microreflectors being distributed along a 
base Surface; 

an illuminating tool that illuminates the finger field to 
create imaging light rays relating to the fingerprint 
pattern; 

an imaging lens to receive the imaging light rays reflected 
from the array of microreflectors to create the finger 
print pattern image at a location external to the optical 
plate, the imaging lens including an aperture Stop that 
defines an aperture light beam of the reflected imaging 
light rays forming the image of the fingerprint pattern; 

in which the microreflectors are inclined to the base 
Surface So that an area of a projection of the microre 
flectors on the base Surface taken along a path of the 
reflected imaging light rays and passing through the 
aperture Stop exceeds an area of a projection of the 
microreflectors on the base Surface taken along a path 
of the imaging light rays incident to the Surface of the 
microreflectors, and 

a housing shaped to hold electronic components for 
operation of the electronic apparatus and shaped to 
retain the device; 

in which the optical plate operates Simultaneously as an 
indicator Surface of the housing and as a finger field. 

21. A device for creating an image of a fingerprint pattern 
on an image Sensor, the device comprising: 

an optical plate including: 
a finger field to which a finger is pressed to create the 

fingerprint pattern, 
an array of microreflectors covering part of the optical 

plate, the microreflectors being distributed along a 
base Surface, 

an illuminating tool that illuminates the finger field to 
create imaging light rays relating to the fingerprint 
pattern; and 

an imaging lens receiving the imaging light rays reflected 
from the array of microreflectors to create the finger 
print pattern image at a location external to the optical 
plate, the imaging lens including an aperture Stop that 
defines an aperture light beam of the reflected imaging 
light rays forming the image of the fingerprint pattern; 

in which the microreflectors are inclined to the base 
Surface So that a cross-section of image light rays 
incident to the microreflectors is discontinuously 
greater than a cross-section of the imaging light rays 
reflected from the microreflector. 


